Reorganization of the cerebellar glomerulus, the main synaptic complex within the granule cell layer, was investigated using quantitative morphological techniques. All afferents to the cerebellar cortex, including mossy-fibers, were surgically destroyed by undercutting the cerebellar vermis. Fifteen days after the operation, which resulted in the removal of the main excitatory afferent to the glomerulus, a significant reorganization of the whole synaptic complex was observed, whereas the structural integrity of the glomerulus was remarkably well preserved. This was indicated by the observation that the number of granule cell dendrites (50 per glomerulus), as well as the number of dendritic digits (210 per glomerulus) bearing most of the 230 synaptic junctions per glomerulus, did not change significantly after mossy-fiber degeneration. The total number of synapses in the reorganized glomerulus did not change either, despite the disappearance of two-thirds of (excitatory) synaptic junctions caused by mossy-fiber degeneration. In the reorganized glomeruli, however, the inhibitory, GABA-containing Golgi axonal varicosities became the dominant synaptic type--about four-fifths (200) of all synapses within the glomerulus--whereas the dendritic synapses between the granule cells
INTRODUCTION
Morphological evidence for the plasticity of neuronal networks or nerve cells in the adult brain is provided by the observation that certain neurons in the central nervous system (CNS) Tables 2 and 3) , however, the number of inhibitory Golgi axonal synapses increased by two-and-a-half times. The increase in the Golgi axon synapses was accompanied by a similar increase of Golgi axonal (synaptic) varicosities, hence the number of synaptic junctions per axonal varicosity did not significantly change. Assembling the numerical data leads to the conclusion that the total number of synaptic junctions, although with a radically different proportion of excitatory and inhibitory synapses, was almost the same in both the control and the deafferented glomerulus (Table 2) . DISCUSSION Our results suggest that after experimental removal of the main synaptic afferent, although significant reorganization was observed, the structural integrity of the cerebellar glomeruli was remarkably well preserved. Even in the absence of the mossy terminal, the number of granule-cell dendrites entering the synaptic complex did not change. Similarly, the number of claw-like dendritic terminals, the dendritic digits, receiving excitatory synapses from mossy endings in the intact glomerulus was the same in both control and deafferented glomeruli. Of special interest was the finding that despite the absence of the main excitatory synaptic input after mossy-fiber degeneration, the total number of synaptic junctions in the reorganized synaptic glomeruli did not change significantly ( Table 2 ). The only important alteration was the proportion of excitatory and inhibitory synaptic junctions. In the intact glomeruli, VOLUME 6, NO. 1, 1997 excitatory synaptic junctions (supplied exclusively by mossy terminals) constituted the majority of the 232 individual junctions within one simple cerebellar glomerulus. By contrast, in the reorganized glomeruli the presumably inhibitory junction by Golgi-axon varicosities became the dominant synaptic type, whereas the newly formed dendrodendritic (probably excitatory) synapses between the granule cells represented only one-fitth of all synaptic junctions.
The quantitative data of the reorganized cerebellar glomeruli demonstrated a remarkable constancy, as well as plasticity of the neuronal elements building up this complex synaptic arrangement.
The somewhat unexpected observation that the number of postsynaptic granule-cell dendrites within one glomerulus does not change alter mossy-fiber deafferentation might be due to the presence of the intricate network of dendro-dendritic (and a few axo-dendritic) attachment plaques in the reorganized glomeruli. Their appearance after deafferentation is a clear sign of the expression of the morphological plasticity of the granule neurons. In the absence of axonal sprouting of the granule cells, the 'axonization" of the otherwise exclusively postsynaptic dendrites might be a partial answer to the loss of mossy synapses. In the normal glomeruli, however, whereas excitatory mossy-fiber synapses made up the majority (62%) of all individual junctions, in the reorganized glomeruli dendro dendritic (excitatory) junctions represented only one-fifth of all synapses, and the inhibitory Golgi axons became the dominant type.
The huge increase of Golgi axonal synaptic junctions (four-fifths of all synapses within the reorganized glomerulus) also demonstrated the morphogenetic potential of this neuron to react to deafferentation by producing new synapses. This phenomenon is accomplished through a moderate sprouting of the Golgi axon, as indicated by the numerical increase of the synapse-bearing axonal varicosities. (Ramon y Cajal/25/ also observed a slight hypertrophy of Golgi axons upon deafferentation). Participation of GABAergic inhibitory elements through hypertrophy or sprouting of their axons in the reorganization of partially deaff'erented thalamic nuclei/13,21,33/has been reported previously. The results of the present study not only confirm these findings but also provide quantitative, morphological evidence for the active participation of inhibitory axons in the synaptic reorganization of the deafferented cerebellar glomerulus.
The question of the functional significance of the synaptic reorganization of deafferented cerebellar glomerulus awaits further investigations, including electrophysiological, receptor-immunocytochemical, pharmacological approaches. But nevertheless, the present morphological observations have uncovered a dormant synaptogenetic potential of two types of cerebellar neurons, the granule and the Golgi cells in the deafferentation-induced synaptic reorganization of the cerebellar glomerulus.
